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THE RF PCWR SYSIEM FOR THE CHOPPER/BUNCHER SYSILH ON T:{E NBS-LOS ALAKIS RTM*

L. M. You,lg and D. R. Keffeler, Al-1, MS HB17
Los Alamos National Laboratory, Los AlsImos, NH B7545 15A

The rf power system and Its cloced-loop feedback
contr : for the racetrack mtcrotran (RTM) chopper/
buncher system are descrtbed. Measurements made on
the response of the feedback system to external per
turbatlons wI1l also be reported.

Introduction

The 100-keV Injector for the National Bureau of
Standards (NBS) -LOS Alamos racetrack mlcrotron (RTM)l
uses two square deflection cavltles and a bunche: cav-
tty, The deflection cdv!tles operate In the 1E102 and
lE201 modes,y and the buncher operatrs lr,the 1Mo1o
mode. Figure 1 illustrates how the beam Is deflected
off axis fnto ~ spiral by the deflection cavity; the
Learn traces a circle on the chopping aperture. A bOO
ctrcumferentlal slit fn the chopping aperture allow>
only “l/b of the tnput beam to pass through. A pair
of thin-gap lenses centered on this aperture focuse<
the chopped beam back to the IXIS at the second de
fle:t!on cavity, The second nalf of the chokper sec
tlon Is a mirror Image (centered on the aperture) of
the first half. lf rf phdse Jnd amplitude are ad
lusted properly, the transverse momentum Imparted to
the beam by that of th? first deflection cavtty wtll
be exactly cancel led by that of the second deflection
cavity so that the beam becomes coaxial aftel the
second deflection cavity.
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lhe 23B0 -MHz bunchlnfl cavity de~elcratc~ th? head
of the bO’ long bunch from the chopp!ng sysi~m and ar
celerates the tall. lhis action reduc~> the Irnqth or
the bunch to about 10” at the entrance to Lhe InJcctor
Ilnac The iquere deflcct!ol cavity deflect~ thr beam
into circles on the chopping apertllre bv >Imultancou!
excitation of the 1110 and 1[201 modes,

?
one mode

deflects thp beam hor zontally and the other v~rtl
rally, blhen the mod?; are ~~:clt~d to @cIual amplltud~
with relat\\e rf pha;? dlfl?renc? uf 90”, th? beam
srrlbes a circle on th~ rhopplng aperture. lht~ Lhop
ping syst~m cause~ very Ilttle emlttnnce growth or the

*Uork supporied by th~ \I~ I)epartment of Inergy,

electron beam, but only if the phases and amplitudes af
the rf power In each deflection cavity Is controlled
very accurately. Therefore. each deflection cavtty
uses two rf power sources, ●ach wtth its own phase and
amplitude control. The chopper/buncher system uses a
total of five rf power sources with five separate am
plltude and phase feedback-control loops. These ampll-
tude and K)haSe feedback loops are all identjcal.

Phase and AmDlitude_Feedback Cont_r~

The rf system Is shown in Fig. 2. The rf source
IS derived fr~m a voltage-controlled crystal oscillator
(VCCO) at 148.75 MHz, which \s then frequency multi-
piled by lb to 2380 MHz, The frequency of this KCCO
can be adjusted !O.IX with a :5-V control slanal, The
rf source-has phase noise from t:e multlpi!catlon
therefore, an oscillator 1s pha>e locked to this
source. The output of thts phase-lock oscillator ha
very lltlle phase no!se,

mllm=l++j .
I? RfFLR[NC[ WCC F~ ALL CAVITIES
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A gcod rf source without phase noise 1s requ~red
fIJr the RTH because there are marly cavtttes In the RTM
and all must operate at constant phase with respect to
each other. A notsy rf ref~rence source would prevent
accurate phase control and measurements, An elghtwfiy
}plltter on the rf source provld~s the rf reference
for all the rf cuntrol loop> In the RIM, lhe$e rf
referent? signals go through steDplng-mo+or driven
line stretchers to prov!de phase adjustment for each
devtce, In each controller, the rf r?ferencc is spilt
with one output going to a double balanced mixer (DBM)
and the other gotng through a voltage controlled phase
shlft?r and a voltage controlled attenuator to one or
more amplifiers required to drlvc a part lrular tavlty,
Ihe voltage cu[][rolled phase shifter has a phase ranyr
of –270” for a control voltage sw!ng from O to 30 V,
lhe voltage controlled attenuator has a range of -b~
dill,with an attentiatlon change of -10 dB/V from O to
b V, Ihe!c devices are not perfect in that the pha$e
,.h!fter has # $mall chan~e of attenuation versu! con
trol voltage, and the attenuator has a small amount
of pha$e shift versus control voltag?, lhe small In
teractlon betw~en amplitude and phase control has not
caused any problemi with operatlnn and control of the
chopper buncher.



A pickup loop In the cavity samples the rf cavity
fields close to tfse outer wall. This rf s!gnal IS
Spilt with one output going to an amplitude detector

,. (low-barrier Schottky tjlode detector). The output of
this detector Is proportional to the rf amplltude !n
the cavity. The other output goes to the DEN!, where
It Is m!xed with the rf reference. The output of the
DBM wIII consist of two frequencies: the sum and the
difference. The sum frequency can ●asily be removed
with a lo-A-pass filter. Because the two Inputs to the
DBM are the same frequency, the frequency of the dif-
ference is zero, which is a dc slgndl. Th\s dc stgnal
provtdes the phase tnformatton and can be represented
by A x sin (@-oC), where A Is d function of the rf
Power of the two signals, A$ Is the phase difference
of the two signals, and @c Is a constant. By choostng
to operate the phase-control loop ulth the output of
the DBH zeroed, Mmust be equal to OC + n x lBO”,
where n 1s an Integer and A + O. The voltage signals
from the amplitude detector and the pha~e detector
(the DBM) are ampllf ted by the feedback ampltflers.
The ampltfled stgnals are then used to drtve the
pFiase shifter and the variable attenuator.

The operational ampltfier (OP-AMP) chosen for
the feedback amplifiers Is the LF35bN, It has a gain
b.andwldth of 4 MHz and a low-tnput offset voltage t.em
perature coefficient of ~ 3 BV/”C, which results tn a
low-!nput olfset drift that !s Important for good sta
b!llty of the amplltute and phase, Figure 3 shotl~ a
slmpltfled schematic of the feedback ampllfters, All
the OP-AMPS are In an Inverting con{lgurat{on. The
phase feedback ampllfter requires only two OP-Af4P\.
The Ilrst IS the integrating stage, and the second
provtdes a voltage output between O and 23 V The O
to 23-V range utlllzes most of the 270° of phase stslft
available from the phase shtfters because the phase
ShlftQrS are near saturation for control voltages be
tween 23 and 30 V.

Becallse the output of the DBM ts b!polar (~lth
two zrro-cross!ng points) versus phase difference be
tween the rf reference and the rf sample, one of the
crossing points will result tn pot!tlve and the other
in negative feedback, lhe clrcult automatically wtll
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select the appropriate zero-crossing point that re-
sults \r. negative feedback for the phase control. The
zero crosstng that results In posltlve feedback Is un-
stable, and the c~rcutt will try to change the phase
to the nearest zero crossing with negative feedback,
It 1s possible to set up the phase-control loop with
the two zero-crossing polntz of the DBf4 wtthln the
210” range of the phase shifters. Then, It Is pos-
sible for the phase-control loop to latch on the wrong
stale of the zero-crossing point with positive feedback
To el{mlnate this po~~tblltty, a stepping-motor con-
trolled phase sh!fter Is Included In the phase-control
loop to ad]ust the phase-control range to ●ncompass
only the negative-feedback, zero-crossing point.

The cutput of the amplttude detector Is unlpolar;
therefore, the polarity of the feedback Is fixed, lhe
amplitude detector has a negative output, and the v~r
!able attenuator Increases the attenuation for a pos\-
tlve control voltage, which requires the feedback am
pllfler to be Inverting. In this system, the best
way to achteve the Inversion is with three tnvertlng
OP-AHPS, consisting of an input buffer, an Integrator,
and an output buffer.

An example of a simple feedback-control system ts
shown schematically tn F\g, C(a). Figure 4(b) show$
this system open loop and Fig. 4(c) shows the Bode ap
proxlmat~on of the open loop, gain-magnitude frequency
response Ftg~re 4(d) show$ the corresponding Bode
approximation of the phase sh!ft, The open loop gain
must be less than 1 when the phase shift exceeds 1130”
or the feedback 100P [fig, 4(a)] will osctl late. In
thts example, A Is an operational ampllfler with one
pole at frequency F This pole introduces a pha>e
sh!ft tha~~qu~~;J6” for a,l frequencies greater thar,
-lo lP. wtll t~~troduce additional pha~e
sh\ft that causes the tots’, phase shtft to exceed lBO”

at a hlgl? frequency,
The loop ga!n of the system must be lest than 1

when th!s additional pha>e shift causes the total
phase shtft to exceed 180°. The phase morgln 1< de
fined as th? amount the phase shift Is le~s than lEIOO
at the frequency when the loop gain equals 1,

lhe feedback ampl~flers are configured es ~tte
graters only, Because the gain response must fall off

uniformly at 20 dB/dec.ade (resulting in a 90” phose
margin in the feedback ampl!fter) and must have o
un!ty-gain cro~sover that provides a satisfactory
pha,,e marq!n thr tnteqrator capacitance 1~ chosen to
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give a unity-gain crcssover at the desired frequency.
lhe feedback ampllfters tre very easy to adjust be-
cause 00IY one variable needs adjusting and that one
Is the frequency at which the loop gain is unity. The
optimum size of the Integrator capacitor depends on
the gain of the loop ●xte nal to the feedback ampll-
fier. Because the variable attenuator Is llneartzed,
the feedback gatn in the amplltude control lCIOD 1s
proportional to the magnitudes of the amplitude de-
tector signal. The feedback gain !n the phase-control
loop also depends on the amplitude of the rf and the
magnltutie of the phase-control voltage, The phase
!,htfter Is not llneartzed and has more gain for phase
control voltages near O V than for control voltages
near 30 V. The Integrator capacitor used in the feed
back ampltf~er gives a unity-gatn crossover at -40 kHz
(see Fig. 5) for both ccntrol 100CIS when there ‘s a
0,4-V signal from the amplitude detector, which corre-
sponds to an amplitude reference voltage of 2 V,

~~––. , --––- ———r—-

ftq 5, M?a%urnMn Is of qa!n vertu% freauenry with th? amuli
tk~r feedback !yilom opera linq OPPII ICOP are !nd\c&lecl Ullh
thI feedback iylttm oprrattng in a Cloled loop con! tqural! on,

a Uerturbatlon ua% aDpl\rd to thv Iofid lhr rt~ultlnq ratio
0! th@ chtnq? in tho r! ampl!iuac to the a~l!tud? Of Iht
p@rIurbat\oo voriut frrauency !} shwn

figure 5 shows the open 100D ga!n of the alnpll
tude feedback loop, whtch wa~ measured with an -0.3 V
signal level trom the amplt[ude detector. Note that
tile unity gain cro!sover occurf at -30 kH~.. fc)r L

0.4 V signal, the un!ty gtiln crossover occurs lt
-40 kHz, and so on, lhe amplitude responfe WCIJ mea$
ured with the loop closed and with a U.4 V signal from
the smplltude detector, lhl$ measurement wa~ made by
Inserting an external, voltage controlled attenuator
In ihn rf fmmdbark lnnp and romparlnq tho rospons~ nf
th~ rf anplltude signal wtth the feedback looP In con
trol to the response without the edback loop \n con
trol, If the appllcat!on required better control for
perturbatlon$ near 100 kHz, higher speed 01’.AMP% would
have to be used fn the f~edhack am~ll[ler$; how~ver,
for th? RIM tl,ls shoJld not cause any oifflculty be
ta~’~~ there should
at this frequency.
other frequcnclcs.
foedb,}~k ampllfler
opon loop gain cal I
Ihe gain drops off
pruxlmat!on predlc
Ihls measurement o

not be any ~uurce of perturbation
Good control is obtfilned at all
lhc opan loop gain of only the

w.% measured and compared to the
ulated with the Bode approximation.
fllghlly fatter than the Bode a~
$ from the OP AMP fpcclf!lallort~,
the oDen loop qoln lndlcatos that

In this clr[ult, thp UP AMII$ havp ~ unity qaln band
w\dth Of -:1 MHz,

Ihe measured open loop gain of the Uhas@ rontrol
loop esspntlally II Id?ntlcal to th~ gain of the ampl!
tud~ f~edbark loop fhown In IIu, !I, lhl~ mpntur~ment
wat made wtth a 0,3 V $Ignal on thP ampllludr de[rctltr
and ulth thp phase rontrol v,)ltaqp near th? mldctle of

the control range. The gain IS higher for the con~rol
voltage near zero and lower for the control voltag~
near 23 V. The ph?se response was measured by ln$ert-
\ng a voltage-controlled phase shtfter in the rf feed-
back loop and modulating the voltage on this external
phase shllter. The response measurement was then made
by comparing the phase perturbctlon with and wtthout
the phase feedback control working. The phase re-
sponse !s also essentially ldentlcal to the amplltude
responje .hown in Fig 5. This measurement shows that
at 100 kHz, the feedback control has little effect on
the perturbation, but that good control Is obta!ned at
all other frequencies. The rr,ponse drops off above
100 kHz for both amplitude and phase because t?re
high-O cavity attenuates the perturbation.

ftgul’es b and 7 show the amplltud-e and phase
respnnse to a square-wave perturbation. The perturba-
tions are shown on the top trace, and the resulting
effect on the amplitude tnd phase are shown on the
bottom traces of Figs. b ,?nd 7, respectively. The
scale on the perturbation and the response are the
salne. The perturbation causes an unwanted change in
the amplitude and phase, but the amplitude and phase
exrursion is Cnly about half that of the perturbation,
and the amplitude ~nd phase are returned to the!r de
sired value w’,thln -10 US by I.he feedbzck controls,

Prellmlnary tests show that this rf system con
trolled the amplitude to w!thln O,lli and the phase to
within 1“. Short-term variations in the ampl!tude and
phase were <0.04% In amplltude and <0.1” In phase in a
test ~ystem.
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Thts rf sy;t?m wa> Installed on the RIM at NBS {n
Mfirch i9E14 and has operated satl$factorlly during tests
with beam In thv chopper/bcncher syttem, lhe electron
beam was observed to Jcrlhe a circle on a view tcreec
at the chupp!ng aperture, lhe thin.gap lenses focuspd
the beam back to the ar,!s ut the second deflection cav
tty. the rf fieldt in the second deflection cav~ty
were adjusted to exactly cancel the t~gnsv?r<e d?flec
tlon It was given by the first deflertlon ca~(tj. Ihls
concellat\on of tb? transverse det Iectlon wdt observed
by a view s{reen b~yo,lct the second deflprtlon cavlly,


